Abstract
Introduction
The wind power generation has become the most promising technology today to generate electricity from the renewable energy sources. The major advantages of using renewable energy sources are abundance and lack of harmful emissions. Wind turbines are arguably the most developed source of renewable electrical energy with ratings of commercial wind turbines now exceeding 10 MW [1] . Also, it is the most cost competitive amongst all the environmentally clean and safe renewable energy sources in the world. It is environment friendly in the sense that for every 1 kWh of electricity generated by wind, the emission of CO 2 is reduced by 1kg, and operation of a wind turbine weighing 50 tons prevents burning of 500 tons of coal annually.
Because of above mentioned advantages, the total installed capacity of wind power is growing tremendously in the global market. It has been estimated that even if 10% of raw wind potential could be put to use, all the electricity needs of the world would be met. Of course, the main drawback of wind power is that its availability is somewhat statistical in nature and must be supplemented by additional sources to supply the demand curve. The global cumulative wind power capacity from 1999 to 2020 is shown in Figure 1 , where it can be seen that wind power has grown very fast to a capacity of 520 GW in the year 2016, and it is expected to achieve 760 GW in 2020 as per reports of REN 21 (Renewable re-port) and WWEA report [14] in spite of several challenges faced by the wind industry like downward pressure on prices, increased competition among turbine manufacturers, and reductions in policy support driven by economic austerity.
As far as markets and manufacturers are concerned worldwide, U.S. became the largest markets with over 13.1 GW capacity installed in 2012, together with China (13 GW) and the EU (11.9 GW) sharing around 87% of the global market. The Danish company Vestas first gives out the top position among the largest manufacture since 2000, while GE catches up to the first because of the strong U.S. market since 2012. Above figure presents the worldwide top manufacturers of wind turbines in the year 2012. It is seen that there are four Chinese companies in the top 10 manufacturers with a total market share of 16.6%, which is a significant drop compared with the 26% in 2016 as per reports of REN 21 [14] .
Wind Energy Conversion System Structure
A Wind Turbine Emulator is a piece of hardware that represents the static and dynamic characteristics of an actual wind turbine. This system has a DC motor coupled with the doubly fed induction generator. In this work, a wind turbine emulator which drives the DFIG is developed for laboratory tests. To maximize the energy yield, an optimal "perturbation and observation" type maximum power point tracking (MPPT) scheme is developed in simulation environment and, it is also realized and validated in hardware laboratory prototype through WAVECT control unit and MATLAB/Simulink using XSG (Xilinx System Generator) block set. As it can be seen in Figure 3 , matrix converter is used for interfacing with the load, and SVPWM control is effectively used to achieve low harmonic characteristics. In the following sections, different elements of the proposed system are described. A variable speed type grid connected wind energy conversion system has rectifier on generator side, which converts the generator voltage or current to a dc link. Thus, controls the generator operation and the wind turbine. The dc link de-couples the grid frequency and generator frequency. The performance of dc link is influenced by the voltage and current level within it. The grid is supplied via the inverter. Thus, the system has speed regulator, power regulator, pitch angle regulator and inverter controller, as the main controller during power system operations.
Basic Principle of Wind Turbine
The power extracted from wind through a turbine is given by the following equations:
The aerodynamic torque (T m ) and power captured (P 0 ) by a wind turbine is given by: When the generated power increases above the rated power of the generator, the extracted power by the wind turbine is controlled to avoid overloading of the generator. This can be achieved by pitch control or stall control. The relation between the generated power and wind speed for pitch controlled and stall controlled wind turbine is shown in Figure 5 . The four regions of operation in a WECS are denoted.
Results
To verify the control methods for developed laboratory 2.2 kW prototype of matrix converter based wind energy conversion system, experimental investigation is carried out under isolated mode for different conditions. During islanded mode, wind turbine is controlled to deliver power to an external load through unidirectional indirect voltage boosted matrix converter. Prototype has been tested experimentally under different resistive load ranging from no load to 2.5 kW at different generator speeds. 
Conclusion
A wind turbine emulator which drives the matrix converter interfaced doubly fed induction generator for wind energy conversion system (WECS) is proposed and 2.2 kW hardware laboratory prototype of the same has been developed. Wind Turbine Emulator represents the static and dynamic characteristics of an actual wind turbine. Detailed mathematical models are provided to enable steady-state and transient study of the overall system.. Various important points are concluded as:  A good equilibrium among the load currents and voltages can be seen from the experimental results.  The load voltage and current waveforms are properly balanced and well regulated sinusoidal for resistive load. Also, it can be seen that total harmonic distortion (THD) of load voltage and load current is 2.3% and 2.4 % respectively, which is less than 5%, which consent with the permissible limits of IEEE standard 1547, IEEE-519 and IEC-61727 and thus satisfies the general standards of produced power in terms of voltage and current inside 5%. Low THD is due to the use of space vector pulse width modulation (SVPWM) switching for the matrix converter. This improvement in power factor results into reduction of about 13% in the generator conduction losses.
